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Abstract 
Delamination is a mode of damage in laminated composites, which might occur ei- 
ther during manufacturing of the structure or during service In general, they are 
initiated near the reglons of material or geometric discontinuity in the structure In 
order to overcome this inherent susceptibility of composite structures, a thorough un- 
derstanding of their damage characteristic~, through a combination of experimental 
and mathematical modelling, is essential While experiments give us a good insight 
into their behavlour, mathematical models can be used by the designers to design 
efficient structures Such a mathematical model can also be effectively used as n tool 
for online monitoring of the structures 
The piesent work is aimed at the development of an efficient mathematical model 
to assess the degradation in the stiffness properties of an anisotropic stnp due to 
delamination In particular, the motive is to capture those non-linear effects in a 
strip that arise due to the geometry of the structure, in the presence of delamination 
Such a model can then be used for various applications both in s t a t~c  and dynamic 
analysis of the strip However, in this work the utility of the model IS demonstrated 
for a static case and its potential use in structural health monitoring is discussed 
A comprehensive literature suivey, p~esented brlefly in this work, on vanous de- 
lamination models brings to light that there are no published solutions for an asymp- 
totically correct sectional analysis of even simple open sections The present model 
IS an attempt to  provide exact closed form solutions to stiffness terms of a strip In 
the presence of delamination Keeping in view the possible dlrect appl~cation of this 
model to  helicopter flexbeams, a strip made of antlsymmetric lay-up with symmet- 
ric sublaminates and a small pretwst is considered m the formulation Also, the 
delamination is assumed to be a symmetric midsurface free-edge delamination 
Variational Asymptotic Method (VAM) is used as a mathematical tool to simplify 
the original 3D problem to a 1D problem Further simplification E achleved by 
modelling the delaminated structure through a sublaminate approach Through VAM 
a 2D non-linear sectional anaylsis is carried out to determine compact expression for 
the stiffness terms The stiffness terms, both linear and non-linear, are derived as 
functions of delamination length and location in closed form In general, the results 
from the analysis include, fully coupled nonlinear 1D stiffness coefficients, 3D strain 
field, 3D stress field and in-plane and out-of-plane warping fields. 
Within the limitations of the developed model a good co-relatlon 1s obtained with 
the existing experimental results in the literature for the problem where non-linear 
extension twist coupling becomes important The possible mathematical and physical 
reasons for the discrepancies between the results a .  obtained by the present model 
and existing experimental results have been listed and explained in d e t d  Throdgh 
an example, it is demonstrated that nonlinear stiffness terms are far more sensitive 
to  delamination than the classical stiffness terms Hence, delamination has a marked 
influence on the twist of the strip, under an extensional load 
The above fact is exploited while developing a model for delamination detection 
Active fiber composites, widely used as integral twist actuators in helicopters blades, 
is used as sensor to determine the change in twist due to delamination This is 
demonstrated by considering a strip made of active fiber composites subjected to an 
axla1 load 
The model developed to determine non-lmear stiffness degradation enabling online 
monitoring of s t r~ps  how potential to meet the present industry demands Though 
the model developed is limited in application because of the type of delamination and 
material lay-up considered, it offers critical insight and technical details that can be 
readily extended to  solve a general problem Also, results of thls analysls can be used 
as benchmark solutions for future works 
